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Sir: 

L Ralph L. Carlson, declare as follows: 

L All statements herein made of my own knowledge are true, and all statements made an my 
inlbmiation and belief are believed to be taie. 

2. i am the in\^ntor named in the above-rcfercnccd patent application. 

L Background 

3. I ani a founder of, and currently ejnploycd as Senior Partner of, Strategic Automation, Inc., of 
Sandwich, Massachusetts, an engineering firm specializing in the design, fabrication, and implementation 
of automated n>achineiy. including custom-fabricated automated niachiner\'. 

4. I founded Slrategic Automatiou, hxc. in 2002. 

5. The majoiJty of the busujcss of Strategic Autortiation, Inc. since 2002 has been to 
maRiifacttire, sell and support .5ale.5 of nmchines, constriicted in accordance with the teacliinss and claims 
of the present appiication for patent, to maior ma:udacturers of golf balls 

6. I received aB.S.E.E. Degree in 1983 from Norwich Umversity, and an MB, A. Degree in 1997 
from the Lniversity of Massachusetts. 

7. Prior to founding Strategic Automation, Inc., I was employed irom 1987-1996 by die 
Acushnet Company, owner of fee Titieist Golf brand, and an operating company of Fortune Bratids, Inc., 
as an electrical engineer designing custom machinerj- for golf ball manufacturing. My responsibilities 
inchided conceptniU designs for machinery, machine vision systems, motion control systems and the like. 

8. Between 1996 and 2002, 1 worked as an independent consultant, undertaking projects for 
another company in the Golf Industrj'. 
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9. I havx; been participat«ig in and obsen'ing tiie golf bail industrvs and partiadarly, machinery' 
for raasmfacturing and processing golf balls, for at lea,^ twenty years, aiid I hm's detailed knowledge of 
that iiidiistr>' aid of tlie majket for maclunejty for mamiacturing and processing golf bails, 

10. Given my education and experience, 1 beiie\'e that 1 am mi expert in the field of machineiy 
for manufacturing and pixscessiiig golf balls. 

]\. I have reviewed in detail the test and drawing.s of the above-identified patent application and 
of the related provisional patent applications VS. Serial Nos. 6O/4OI56O3 and 60/402,157 filed Aug, 7 mid 
Aug. 9, 2002, fespectively, upon which the present patent application is based and from which it claims 
priorit\' beiietlt, including patent claims set forth in the referenced patent appiications- 

12. I have also reviewed in derail Amendments filed in the presenl patent appiicaticn, including 
the Amendment filed on tiK- same da> hciew ith, and the astiended patent ciarms set fortii therein, 

13. 1 note that the independent claims of the present patent application, as amended in the 
Amendment filed on the sanie day herewith, are set ibrth in their entireties in the attached Addendum to 
this Declaration, and which forms a part of this Deelaiarian. 

l:.ComntercM.S«cce^.M.the.C^ 

14. Following the filing of the noted pmvisionai applications in 2002, my company Strategic 
-Automation, hic. began marketing a machine consimcted in accordance vviUi one or more of the noted 
patent claims. I believe this machine has achieved outstanding commercial success^ and diat such success 
has been directly attributable to the advantages derived from the subject matter of the patent claims of tlie 
noted patent applicjaion, including diose presented in tlie accompatiyittg Antendmettt. 

15. In particular, Strategic Automation, Inc. has sold at, least thirteen (13) machines constmcted 
in accordance with the teachings and claims of the present patent application, including the claims as 
pj-esently ajnended, such sales generating in excess of $1 3 million. 

16. Sales of machittes cotistntcted in accordance with the teachings and claims of the present 
patent application include the following: 

8 maetiine,s to Callaway Golf Company; 

4 machines to TaylorMade (Adidas Golf); and 

1 machine to Acushnet Company (Titleist Golf, hereinaiter simply "Titleist"). 



i 7, In my opiiuon, md to my knosvledge, no other product on the iiiarket constructed m 
accordance with the noted patent claims; although in 2006, on information and belief f became awaie that 



at lea^t one majiufacturer may have attempted to copy the mvention we consider to be covered by the 
present patent application. 

18. Accordingly, I beiieve that we have tiiie entire tuarket siiare of itiachines with the capability 
of our machine. 

1 9. In my opinion, and to my knowledge, no other product on the raa>-ket offers the combination 
of structures and functions required by the noted patent claim.s, or the advantages that stem from the 
stnictmes snd functions recited in the noted patent claims, which are discussed, among other places, in 
the noted patent application and in tlie accompanying Atiiendment. 

20. In my opinion, based ofi direct observation of the golf ball industry for many years, my 
knowledge of the maikei for machinery for mamtfacturing and processing goif balls, and my detailed 
review of the clainss of tl^ patent appiicatioti, trsciisdmg as ;aneiided rn the Amendment filed on t!ve same 
day herewith, the coinmerciaJ success of the machines constructed in accordance with the present 
application for patent conesponds direciiy to the claimed invention and is directly attributable to the 
stmctures and functions recited in Ihe noted palenl claims. 

21. In my opinion, tiic commcrcid success of the noted machines has been achieved in a 
marketplace whei^ the consumer is free to clioose on the basis of objective principles and product 
pertbnnajice, and that success is not the result of heavy promotion or advertising, a shift in advejtising, 
consumption by purchasers tied to Strategic Automation, Inc. by long-temi "requiiements" contracts, or 
otiver business events extraneous to the merits of the claimed invention, 

22. I have aiso reviewed and sttidied in detail the reterenced cited by die United Stetes Patent and 
Trademark Office (USPTO) in USPTO Actions in the above-identified patent application, including U.S. 
Patent No. 5,611,723 to Mitoma (hereinaikr simply "Mitoma"); U.S. 6,630,998 to Welchman (hsminailer 
"Welchman") : U.S. 5,859,*-)23 to Pcti> {"Wtv^ "): V S 4 072.4*-)4 to Wliite {"White"); and U S ,632,205 
to Gordon {"Gordon"). 

23 In nn opinion. ba<^cJ on nn olvKukJ .liui ^tisd^ o1 Jiic noted fcfcrcijLX^ and in\ 

know It^diTC ol Uk iek\;8it aica of tcchuoloLi\ i;:^' !v.k'!U> -o .Mitonuu \^ ekhnivin Pctt\ . \Mh£c ;«k1 
Gordon rcierofK-os. tat.on '^Oi\l^a{o!^ im- tn ^.oni-'i.^j; ii-i-s. do not t^ck'b. susgest. or tcndorobvinus the 
suh;.\: -v-.w -i ,>f the oSamis tonh j:: tho .K^.\^nir,i!i\ ssk \r.;,:ndn-!om foriiK- r>.-asons sul forth in the 
Aincodincttt and m this Declaration bcio^\ , asul sn snv opuuoii the comoterciaJ ,siicces,s achit;\ed b> our 
inachuie constnK tt. d m accoidanct.' \\!th one o! mure of the ciajnis of the present application for U S. 
Patent is further evidence of the nonobviousness of the noted patent claims. 
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24. Based on the claims set forth in &e accompaiiying Amendment compared with the text and 
drawings of Mitonia, Wekhman, Petry', White and Gordon, it is my finding thai the combinations of 
features required by tlie amended claims of the present application for patent are not present in aid are not 
suggested by the cited rcfercnces. 

25. With respect to Mitoma, for example, theie are a number of fijndamentaJ differences 
between my invention, as ciaimed. ajid .Mitoma's teachings. I will go into greater detail below, but to 
initiallv summarize some of tire kev differences: 

a) Mitoma'sdcMCt ii>st.n'!itti\t toth(^ attttud*^ of the uiuato) oftb*. ball shk>. his <!%'5t>.m is 
csstnliaih designed to di-burr Uu t.qu itori^y ^ •> % \iw seim on Uk b^li) but his J(,\Re einoor ofKiit 
in tlijee doneiisions to ioeiie i ji tilt Thv t h)-> K k<. ^ ss u> Joi. ite j U Liiuis. not i pojni 

b) Mitoitia doeb nut ( u i ^ i ) > un m >.i)tioii doi.s 

c) Vlitoma dov-s not usv the eiiuiKd dcgiec ol iicedom 90 dcgtec tratispoit a»d man\ oi 
the odier ditleix^nccs ix4ate to this djiference. 

d) Mitoma does not use parallel axes, 

e) Mitoma camiot orient the ball in three dimensions using exactly three moves, as does my 
invention. 

26. Some of tliesc differences cm be readily seen by comparing, e.g., FIG. 7 of the present patent 
application vs. FIG. 1 of Mitoma, and by reviewing, e.g., Mitoma's drawings of his transport arm vs. FIG. 
1 of the present application for patent. There is also a brief video presentation of my invention in 
operation, on the Strategic Atitomation, Inc. website at tire foilowing link; Mt p;//vyyt^y>st8^pg'^ 
automatjgjrgo^^ -~ and I can also piwide a more detailed video for review by the 
USPTO Examiner. 

27. Mv review of Mitoma mdicaies that it teaches a svsiem where tiie two imaging axes are 
perpendicular and their stations are mcchonicalh quite diiicrcnt fixjui one anothei \s a itsult Nhtoma's 
means to mdcx the ball from one station to the ne\t icqmres throe innx cs \>ci rraiispoft o\e t two degree*; 
offroedom i e , hft. (ninsfer and pKiee fins !<. far mo'^ eomplLN ajid poietuialh slower and more 
ttoubic-piono <bomc on{ »n te.it-wor!d obsv.nai < n of the aeUul maehnses noted beion) than the 
v.lj»ned nui,n£)on \iv itnetUi'in as leeited m tti>, ^ i uaded tUunis oi tin, pitsent appbcation t'li palml 
MSi.'; the mofw oiin-unt oii-thod ( t niL... ^ *1k -^^ t>\ iot^-'i u thunj '■h 0(k dt.o'tei. < t irteVu in to 
smndtaiiLOUsh tiajistei the biS! v ^ n ii . m ni.. i \ o>.qtJeai staiioti MuhauhL a\t^ 
oi lotatjon ot the baU at the -eeond u o , .,'| ^ d s, < a o uk jHtvious a\is ot sot^ition whik the two 
^uitii HIS lotatv. ' m pauiik J a vs, s The ii, viUitugs o{ Muonia aje iliiis j utKUunentalK ditleient and in fact, 
diatnetricaily opposed to the mcclianisms and methods required by tlic claims. 
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2S. The amended claims of the present application for }7atent a!so call for copiaijar axes, which is 
not taught in Mitoma. in that Mitoma*.s axes are not copianar. Moreover. Mitoma does not teach a system 
whcjpe the axes are parallel or where tlie ball cajti be indexed by a single, 90 degree rotation of an indexing 
mcatis. Having the axes be parallel has the added advantage tliat tlie cai«era(s) caii be isolated behind a 
pane of glass tliat is positioned between camera{s) and tiie bails, thus protecting the cameras and reducing 
maintenance requirements. 

29. Hie claimed indexing mechanism of my iin^ntion rotates tiifough oMdegree,MiiMdom to 
iiidcx thi.' baHs from one station to the next This i*; signitkanth more tfftcient and mcchamcalh tmubk- 
fui. (ban the p!cls.-tran^fi,r-p!at.i. jntthod Luight b\ Nistosna llie claimed siimie degti,*. stf tr^cdstm 
indyvmg mcch^misin also tci^uucs t''.: -\ f *\n pa; j1 a\>:s, >\htcb again a katisrc noi uught os 

suggested by Mitoma. 

'50 \\ jiitt, tcacht,^ an mspectiO)! s\ stem tnai uics minoib itt allou ojk camera to image moie than 
one smface of a part, and the camera descnbcd \% an area scan "\ idco" camera W hite docs not teach or 
^u^^^^^t how to apph the hue '^can camcui so thai U can smiultaneoush jmage i.\\o &pbeneal objects that 
aiL ijtiiiiung on separate pauilkl a\>.:s not does ho address the i^sue of depth-of-tleld that is cicated b\ 
his im t ror s\ stem In contrast, the claimed mirroi ai ranged majatams the same focal distance t o each bali 
so that depth of field is not an issue. In order to properly image a spherical object with a line scan caincra 
the line sensor must be in line with the spin axis. For this application, the two spin axes mu^ be 
positioned by the mirrors so that they both line up with the axis of the line sensor element in the camem. 
The balls must be positioned to also maintain the maximum use of the line sensor so that adequate 
resolution is maintained. 'The claimed invention enables tliis, v\1iile White and the other refetiences 
neither teach nor suggest this. 

31 . In addition to the foregoing, it is noted that while Mitoma teaches a system that uses two 
rotation stations for imaging tlie ball, tbllowed by two positioning stations, the method of orienting a ball 
in three dnnensions. usmg the three Fuler angles, is neither taoght no) st)ggt,stcd b\ Vljtoma Mitoma's 
twopositionuTf stations can onh pc^sition the ball m .x\>i d.nieiiMOjis ! i. the equati)reai he positioned 
hou, 0)UaU\ but tije bali \\ til not be onenteJ aa u^ni \ asss that )>> pupt^nJjtukii to the cqiiainna] pkine 
i he)!. tori, a tarjii.! potiil ou tiii. b lii i^vUiii'^l be t!0> *,d <iJ,s it eao S~t ui Uk elaniitd uns, iiuoii') o»K a 
tafi^ct i^ieatiMhio can be posttioiud bv \1 '0"^'- ^ ^ ..t k W M)t< ina dtXir m t teach ot 

suggest rotating the ball through a 90 degree aiiele 

■"^2 Moft pait!euiari\ Mitoma tea., .'•a'-\^.v^ m\ a b^tlS is foUited about t^\o 
peJpeudicnlar a\i.s ^F'l jad ST4 and then fine-adjU'-tcd about t^^o^liol^. peipi,iidiv.uiai av(,sat ^tatioii 
S f Nhtotna's fust two stauons ST I and ST? arc used oiih for lotatutg the ball to acquuc tJK muge and 
no positioning is done at those stations. Thus, Mitoma does not teach or suggest either orienting the bail 
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in three dimensions or ming a set of three Eukr angfes rcqiririsd to orient the ball in three dimensions, 
Mitoraa teaches orienting the ball in two dimensions over two positioning stations ST3 and ST4, while 
the claimed subject matter uses tliree Eitier angles to orient the bait in exactly three stations. The second 
Euler angle has 90 degrees added to it to allow it to \wrk with stations tiiat have parallel axes of rotation - 
- again, a featnnj not present, taught or suggested by Mitoma. 

33. With regard to claims 26, 27 et seq. of die present patent ajjpHcation, f note that my 
im cntjon, as. clanncd utilizes \\hat infomiatson sb available fiom tlio first imagmg station to po$it3on tlie 
ball so that all the nccc^sar* tntbi inatwii \mU be attained at the second imagtnw 'Citation to siicccs'^fulh 
orient the hnil in c\actl\ thac uKnts Ihc fu^t imaging -station ensuies that the desir^^d indiCia be 
found vU lh<. second station in Mfto in ^ ^^a^i th^st, is no h^LMnj doui. at ili*. unagmg stauons if 
tht. ba!N (.quatoi ii not (uuiid atlhv t -i * m vJonti i^^ .iJuJ ha it \ I K foiiiid at the secotid 
imagfjig station Hkmc ts no teaching iti sti^gv. ti.m in Nhtonia oruiuig niioimatKin imm a first imaging 
station to position the bail so that all the ncccssan mformatson will be attnmed at the *;ocond imagmg 
station to enable succcvstni o;n.ntatiofj ot {he ball, m three duuensions. meviclh ihici. mo\e'^ 
required b\ tlie chiuivs. 

M bimiiarh Mitoma teaches a s\ steitt where the t\\ o imagmg axes arc perpendicular and (thou 
stations) ans mechanically quite different from one another. As a result, Mitoma's means to index die ball 
from one station to the next requires three moves per transport over two degrees of freedom: i.e., lift, 
1 uBistt.! and place. This is far more ojmples ajid potentially slower and more trouble-prone (borne out in 
real -world observation of the actual machines as rioted herein upon my direct observation and 
knowledge), tliaa the claimed invention. As required by the claims, my invention uses the morc efficient 
method of indexing the ball by rotating it through one degree of fa^^ 

ball and present it to a second, mechanically identicai station, so that the axis of rotation of the ball at the 
second station is perpendicular- to the previous axis of rotation, while tlie two stations rotate on })atallcl 
axes llic teachings of .Vlitoma arc thus fundamental i\- different and in fact, dramctncall v o pposed to the 
mechan.i.sms and methods required bv tht; ckunis. 

-^5 With regard to Gofdoit the svslijiu descnbui therein ts h;}<;cJ i i atisi.. process to 

orient llic ball The (jotdoii maehifiv fi.'pcak'dh tuuigc^ the bail auJ nio\cs U based on tt "^C(,s" untd 
the ball ts in rlk- cortvct or noath ccnccf (>!i!.'iUar«in Bcjsod on m\ ri.-al-\wiiid Kno\v ledge and nbsenatmn 
of the \ ariou^; acfuai machiSK-^ buih ;!i .ice.^i-.!,i!a;e ^\ ilIi ^he C^^nJ^^^ d^.^)v:n she Mitornit de^R'.n and in) 
own unentjon. the Gordon s\stem lesuhs m Tisncs so i^sicnt the baU. tustead ofa tiniforni aiid 

predictable orientation time, rcsultmg m do\\nbttcam chailonge.s for the niadnnc M> unentsoii in 
conUtist..iiSCsexa«|\..tfire^^ m three dimcnstons. 
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IV. My Obsgn ation of Mi torn a and Gordon Machines 

36. In addition to the foregoing, I have personal knowledge and ob.sen'atioR.s relating to 
machines constructed ia accordaiice with the Mitoma atid Gordon disclosures. 

37. On infomiation and belief, Titleist purchased a burr-removing machine described in the 
Mitoma i-eference, in or about 1995, but later substantially ceased to use the Mitoma device. 

38. On information and belief, Titlei,^ continued to have a need for a machine to orient finished 
golf balls &o that a custom logo could bo punted oothun m the corrvct locatson ^iatu*. to thv. pit-Moush ■ 
p!audman«factiir..r s pnntjog On infomiation and bt^hcf litlust hi rtd Gordon (s >. ^o !)n>.tniii named 
in tlK Gordon it-tcunct nokd ibo\^) to d^suii t'v m huK 1 Ji.M.ribi,d ni iIk Guidon pxian Hie 
Gotdon nun.h]n<, oti^nts ihc biU it otK suti<m s h i \\k iv, m kv^qi u^m^ until lln. hi!) is 

stKc s lu!l\ otivntvd litis illoU(,d jhijis^to ^ Eii tct^ nsl (. ai liK tinu iv luucd to 

OJn.nt tlK ball to \ai\ 6i«fjft)UiiUK tiom otK bail to tho n<^\t a sign}!i4.im piobivin foi downstrvini 
processing , 

Mora>S(.-i thi. ixi^raj.^, c\ ck t itv. xsilh ihw <ioidon i^iachmc w^is sliil k<;s than half ot ^^hal is 
aiLhiL\t„db\ madiini^b conbtiUvtcd tii ak.v.oidaiK<. svtthiin inA>.n£ion fhiis mml tlK ad\i.ntolim 
uncntson the industn sttll had a long-tclt need to ojicnt golt balls jn all thito dtm<.nsiotis at a high 
operating rate and over a highiv repeatable time mterval. which was not achieved bv machtnes 
constmcted in accordance with die Mitoma or Gordon Ksfeicnces. 

40, On information and belief, there is no machine on the market, other thaji the machines sold 
by my company Strategic Automation, Inc. and constmcted in accordance witlj tlie teachings and claims 
of the present application for patent, tlmt satisfies tliis long-felt need. 

41 . In the process of inventing the subject matter described and claimed in the present 
application for patent, I recognized that a sequential approach as described and claimed in the present 
patent application and not present in the prior art was the best way to achieve higher operating rates, and 
d!.^ isod the claimed method ot \nm§ tbui identical lotating ^stations asid the rotatmg gnppers that indcv 
tlu bills thiough m tthiiiL whiL smniltaiuou^'x r it Urn • them *)0 degrees Tins set of features as 
itciiLd in iJid t(„ot!ij(„d b\ ih^ iinciidv-d ind jk ^ c tiniv i ki„\ id\antagL. ot tiK cl nmul stiucTnn.-s md 
metljods \ \\so UKOiporakd \ mn\ >i tk^ i v i o vJutt, tin, to^t ol buikJinj tht. iiiichiiit^s 

4^ \^ I a<-ult oUlu^i. ditft !K 1 ^ U til \L tL-'t tndti.t.hi)i<. idv mtai^LS * m.i 
fh(. prioi Ltit nn (onipmN ^trit*. ^ii. XuL ni i n < i - I i is (I >mn.bin>„^ 

;,onsUtivt(.d !iuit,vordaiice-\\ith tht (,ia • ti. - ^. i vf v -'^ Kts !ncit}dni„ Fitkist j!k1 othui nujof 
golt ball manidacturcR. «sth total s^ks tiktcof in i.Xv^'-s ot "si > milU m d liUus unl yi\^.n luniKious 
confemiing inquiries from companies throughout the golf industry , i expect such sales to coiitiiiue into the 
future. 
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43, In my opinion, there exist numerous applications for this technology in golf ball 

manufacturing. 

44. In addition, it is my observation that there appear to be no other machines currently on the 
market that use machine vision to orient the ball. 

1 DECLARE under penalty of perjury under the laws of the United States of America that the 
foregoing is true and correct, I understand that willful false statements and the like are punishable by fine 
or imprisonment or both as set forth in 18 U.S.C. §1001, and may jeopardize the validity of the 
application or any patent issuing thereon. 

Executed on; May 11, 2007 

Ralph L. Carlson 




ADDENDUM TO DECLARATION OF RALPJf L. CARLSON: 
iNDEPENDENT CLAIMS OF U.S. PATENT APP. ] 0/634.631 
■\b AMENDED IN AMENDMENT f FLED HEREW ITH 



1 . A system for automaticaliy orienting a spherical object usmg a refefeace indicium on the 
spliericai object, comprising; 

(A) iueatis for autoiuatically locating and defining a position and txvo-dimensionai orientation of 
the refenence indiciiun: and 

(B) means for automalically orienting jhe spherical object by seqnentiallv- rotating the sphericai 
object fiom the defined position aaid tvvo-ditnensional orientation detennined by the automatic locating 
means through detennined attgles so that die roference indicium of tJie spherical object has a 
predetermined final position and t^vo-dimensionai orientation wherein ataiget point on the spherical 
object, which has a predetemiined spatial relationship to the Feference indicium, is positioned for further 
processing, 

wherein the juitomatic locating and defining means comprises: 

(1 ) first and second locating work siatiotis, each of the fsrst and second, locating work 
stiitions having a axis of rotation and being operative to rotate the spherical object around 
the axis of rotation; 

(2) trtiiisposing mmm for cosn-ey mg the spherical object between the first and second 
locating work stations in such manner that the spherical object is rotated through a single- 
degree of freedom by 90 degrees l>etwecn tl>e first and secoitd locating wot k stations and 
between the second locating work station md tlie orienting mcms, respectiveiy; 

(3) an imaging system operati ve to generate an image of the spherical object at each of 
the first and second locating vwrk stations as the spherical object is rotated about the axis 
of rotation of the first and second locating work stations through at least one revolution, 
respectively; and 

(4) calculating meaiis for processing the image of the spherical object gener^ed ^ the 
first and second locafing wotk stations, respectivelyv to locate and identify- the defmed 
position and two-diniensionai orientation of the reference indicium and to detemiine 
angles for rotation for tlie spherical objed by ihe orienting means; 

wherein tlie calculating means is operati ve to process the image of the spherical object generated 
at die first locating work station to identify a coarse position and two dimension orientation of the 
mference indicium at the fi)-st locating work station and to detemiine an angle of rotation for the spherical 
object at the first locating station: 
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the first locating work station meajis is operative to rotate the spherical object about the 
determined angle to move the spherical object to a second position at the first beating worik station; and 

the traasposuig means is then operative to convey tlie spherical object to tlie second locating work 
station wherein the spherical object is rotated through the single-degree of freedom by 90 degrees such 
thai the reference indicinni is at the defined position and two dimensional orien&uion on the equator of the 
spherical object at the second locating work station; 

wherein the automatic orienting means comprises; 

(1) fi rst, second, and third orienting work stations, each having an axis of rotation and 
b^i»g ojKKUuv to s^qt^ntidlh ro*aL t ^ ^plKni..^i ob)t,tt through one ot rhv (.KkniimoU 
.ingLs so that the rctv-'viKt hh' vui s tuiU'^i os^J jrnni iIil tit^lfiKd position vSiiti t\so- 
diisKiibioiUi! oiKn <. 1)1 Ik t I'-u 1 (. " m > xwirk sUtion to iIk pKd*,ti,niUiicd Inuil 
poMtion and tx^o-diitKiibsonai onuitatton at tlx thud Oitvtitatnig uojk stattoii uhcii.jn the 
ta!g<-t ponu on the sphcucal object iH positioned for ftirther proccs*;mg ,>nd 

(2) transpoMnsj; means for con\e\ mg the spiicncal ob)eci belvveeo ihc hist and sut^ond 
aiid btcond and third oricntiiig woik stations, m iuch majinci that the spherical objk.ct it> 
rotated through the single-degree of freedom by 90 degrees between tlie first and second 
orienting work stations and between the second and third orienting work stations, 
respectively; 

wherein the traiisposing means comprises: 

(1) a first transposing mechanism pivotaily mounted intermediate tlie first and second 
orienting work stations and operative to convey tJie spherical object fiom the first 
orienting woHc station to the second orienting work station in snch manner that the 
sphencal object is rotated through the single-degree of freedom by 90 degrees; and 

(2) a second traiisposing mechanism pivotallv mounted intcnncdsate the second and timd 
onontmg work stations and opcratac to convc^ tht sphs. t ical object fiom the second 
oncntmi' work UUon to the ihud onenUn^^ \\ork slaium m Mich mannci LbaL the 
spheiK ii o!>Ki,} 1^ fot.itLd iiifoiia,h snigk Ji-yrcc o{ tic(^dom b^ 'JOds-gn-t.^ and 

\vln.i<,in thi. "-^tHki^n,!,- singk dv^ri^v ot tK»,dvni lotation pjoMds^J b\ thv. tumsp'isiiiu nK.«js 

hot\ii.efi tht fjisr anu s>.(.ot)d ano tlu -.-...C! I ^ ^' U v t \ oik ^fatu ii** arc topianat x^trh thi. a\t.s 

Of rofation ot tbt tiist si.u>nJ .Mhiu i s n 

the -i.cond kxauoii wod to v v.v < o < Jkjiv v n- a-> ihv. tust otttntum ^^oil -station and 
tin. deteimsiKd ifij,Ls oi rotation !mpkm<,mi.d b\ the fnst ^e^^ond aod thjid onenttug s\oik 

Stations, respectivciy, comprise Euler angles of rotation ,phi, ,theta plus an additionai 90 degrees, mid .psi, 

txjspectively. 
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10. A system for automadcaiiy orienting a spherical object using a reference indicium on tlie 
spherical object, comprising: 

first and second locating \wrk stations each liaving an axis of rotation and operative to rotate tbe 
spherical object about the axis of rotation; 

first, second, and third orienting work stations each having an axis of rotation and operative to 
iX)tate the splierical object about the axis of rotation through a determined angle of natation so that the 
reference indiciom at the third orienting work station has a predetermined final position and two- 
dimemmml orientation wherein a target point on the spherical object, \^hich has a predetennined spatial 
relationship to the reference indicium, is positioned ibr Arrther processing; 

tiSitisposii5g means for conveying the spherical object between the locating work stations and 
between the orienting work stations in such manner that tiic spherical object iss rotated through a singie- 
dcgree of freedom by 90 degrees each time tlie spherical object is conveyed between adjacent work 
stations, respecti vel y: 

an imaging system operative to generate an image of the spherical object at each of tlie first and 
second locating work stations as the sphericaJ object is mtated about tlie axis of rotation of the first and 
second locating woj-k stations, jTsspectively; Eutd 

calculating means for processing the im ages of the spherical object generated at the fi rst and 
second locating work stations to locate ajid identify a defined position and two-dimensional orientation of 
the refer"ence indicium at the second locating work station and to detemiine the angles of rotation tor the 
spherical object ja the first, second, and tJiird orienting work stjaions wherein tise reference indicium is 
rotated from the defined position and two-dimensional orientation at the first orienting woric nation to the 
pnedetermined final position and two-dimensional orientation at the third orienting work station so that 
the target point is positioaed for fiirtlier processing; wherein; 

the second locating work <!tatron js equal to and functions as the first orienting uufk station. 

(he first onLOtint; Aoit ^ution is oporatno to rotate, the spherua! obju t throi^-h on*,. M the 
dotcrmini,.d ani^lc^ of jotjtion sin.li liuii die fi.fciesK. snc au'^ o \h\. sjihutc,}! ohca is unncd f\om the 
(.ktnicd j-iostfiou and tun-dniKUMonai orivUt^'tioi i ' v vi 1 1 g woik ^tatMU to a tiist reference 

pn^jtfun i»d tuo-U)inti)^ional oittotitfot! It thi. +1'^ ^< i < s.uon anduhoii,)!) 

the tiaosposing mcLt»s ts then op.s u . u ^ ^ h -rh t ^^\>]ca Horn the in ^t orienting 
uoik iUiUfm to the ^ccoiui oiitutmg work station so dwi liit rtiticiKC iiKlj^.jiini is mo^td So a stcoiui 
i(,ti,it,iii.(, posiumi ai Uk st„v.ond oiii,n£ing woik station tmd wiicKiJi 

the second oricnttng work statton rs operative to rotate the spherical object through another ot the 
detemiined angles of rotjjtion such that the refeixjnce indicium of the spherical object is moved from the 
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second reference }70sition and two-dimensional orientation at tiie .second orienting work station to a third 
reference position and two-dimensiona] orientation at the second orienting work station: and wlierein 

the transposing means is tlien operative to convey die spherical object from the second orienting 
work station to tlic thiixl orientuig woiik station so that the reierencc indicium is moved to a fourth 
reference position at the third orienting work station: md wherein 

tht, Unrd orienting work .^rion is. opcratne to rotate the sphoncal obieci ihiough yet another of 
ih\. tlctcunincd angles of mtation such tliat the reference indscium of die &phcitcal obiect i% mo^ed fiom 
fh;, fouifh a for;, ncf position and two-diratMisional oitentation at the third oncntmjj uotk station to tiie 
piedcteimiocd fnui rcfcri.ncc position .uid tuo-dsfncn->ionni oricnution .tt the thnd onentmg work <;tati0ii 
such tliat ihc lamci point on die sph<.n^.ai obit,^.t is positioned tot fiitih.„t puxxsivjng. anJ 

v\hcicin tht one anofhtt and vcJ aiiodKi dv-knuiiK-d anak of iutatiOii iitiplctiicntcd b\ the first. 
Second, and thud oi icnting uork stations, icspectn cK . compi is,o Kidor angles of lotation phi, thcta phis 
an additional W degrees, and .psi, respectively. 

25. A method of autoinaticaliy orienting a spherical object issiog a reference indicium on the 
sphericai object so that a target point, which has a predetermined spatial t^jlationship with the retereace 
indicium, is positioned for further pjx)cessing, comprising: 

locating and defining aposition and two-dimensional orientation of the reference indicium on the 
spherical objed; 

calculating, based on the defined position and two-dimensional orientation of the reference 
indicium , angles of rotation for die spherical object to move die jTeference indicium from the defined 
position and two-diinensionaJ orientation to the predetermined final position and two-dimensional 
orientation; 

rotating the spherical object at a fust orienting work station through one of tlie calculated aiigies 
of rotation to mo\e the inference mdicmm from the picdtdiud position and tvvo~dmicn<!ional orientation 
to a first reference po^iit^on Attd onLtuauon at ih>. t^-si oruuiti)' woit slujoji 

com o^ nisi the spheneaf objuet fioni lii*. i\>s oi l lUjig uoik station to a ^,.^ond nneiUfiig noik 
station in a ininiKi suUi that thk. -pht,ncai obwvt >- !ota>.i.d ihroiigh a siot^k-degue ot {jetdoiii !-\ '■Hi 
tio^KCs uhoii.)o Hie ii.fi.rtt)Ct soduonn ^ if " -^.t v -.i^ position and txwi-dimensfuiiai onentation 
af the second o.rte.oi!in> work sunioo: 

foSatnu thu ■-pboiii.al ohjeuU t nK t ^ ^nv. <. I statioii thsouolKmothui ot the eakidated 

angles oi lotaU'Ui to niou the letLieiice iiidaiiiin tiooi ihv second akaiici, pnsiU'iii and mo-diiin,ii^ioiial 
orientation to a third reference position and two-dimensional orientation at the second oi ienring work 
stsition; 
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conveying the spherical object from the second orienting work station to a third orienting work 
station in a manne r snch that the spherical object is rotated through a single degree of freedom by 90 
degrees wherein the reference ixidicium is at a Ibitrth refefeace position and two-dimensionai orientation 
at die thind orienting work station; and 

rotating the spherical object at the third orienting work station thmugh yet another of the 
calculated ajigles of rotation to move the reference indicinm from the fourth reference position and two- 
dimensional orientation to tiiie predetemiined final position and two-dimensional orientation at the tliird 
oncntnig woik station whca-m tht- tan^ct ponit is posJtiouuJ for ftirthcr procc^stojj 

whcKin the one, .mother and \i,t another cJcuL?t(.d angles ot lot.itJon ie-iix of comprise 
ftiior (ing!<.v of rotaUoii pht thi-tci pins e»n adJ\K^nvil ^^^i Jt^giv-t-s vjnd psi. le^pt^etivcK 

27 sxstcni for nnaging thi. stiifac^, oi a sphoncaJ objvCt, compnsing 

a f5n;t \^Oik station ha^ ing m a\5s of rotation aiid opcrati\e to rotate the spherical object abotit the 
a\is of rotation and whesein a plane of the spheiicaJ objoct porj'Jendicvtkjr to the axj"* of iotatjon is defined 
as the rotational piani. oftlty. •^phctieai objcet at the tu«;t station, 

a second work station having an axis of txjtatioa and operative to rotate the spherical object about 
the axis of rotation, and wherein a plane of the spherical object perpendicular to the axis of rotation is 
defined as the rotational plane of the spherical object at the second work station; 

transposing means for conveying the spherical object from the first work station to die second 
work station in such mamier that the spherical object is rotated through a single degree of freedom by 90 
degrees wherein the rotjaional plane of the spherical object at the first work station is rotated tiimugh an 
angle of 90 degrees such that the rotational piane defined by the spherical object, at the first work station 
is periiendicular k) the rotational plane of the spherical object at the second work station; and 

m imaging system positioned aiid operative to generate an image of die surface of the spherical 
object at each of the tnst and second uork starioi^s; and wherein 

the iniagtin^ sssicm operaine to generate a firs} inia>',>. .)f the niti-ft^ce of the sphenoal object as 
the sph(„ncal o\i\c^\ !<■ rotated throiia,h at least Oitc conipLte n„\o!ittioi) about the axis of rotation of ilie 
first: work station, and vs-hercin 

the tmaginv sv stem ts operate c to gcnctxitc a Siocond image of the suifacc of the t-phencaJ obicct 
as the spheacal object is rotated through at least one complete rcvohjtion about the axis of rotation of the 
second work station; aiid 

the iirst and second work stations are substantially identical in structure. 
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